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Abstract 
In the German national research and development project “HeizSolar” the building concept of Solar-Active-Houses is analyzed. 
The concept allows for a high fraction of solar thermal energy of more than 50% of the total heat supply. Within the project nine 
existing buildings have been monitored since the beginning of the heating period of 2011. The technology applied for this kind of 
supply concept has been introduced in [1, 2]. Based on the data obtained from the in-situ monitoring, typical operation conditions 
have been identified and analyzed in [3]. The measured data was also used to derive parameters to calibrate a dynamic system 
simulation model for Solar-Active-Houses [4]. The elaborated model focuses on the performance of the solar thermal collector as 
well as the solar circuit. What is more, the dynamic interaction between the solar thermal heat generator and the auxiliary heating 
systems as well as the heat distribution system are incorporated in detail. Finally the diffuse heat flux resulting of the integration 
of large hot water storage tanks into the building envelope is implemented to the model. This model is applied in the following to 
analyze the general thermal behavior of the supply concept and to derive optimization potentials. In detail the systems 
performance in regard to different types of heat transferal systems for space heating is demonstrated. Also the dimensioning in 
regard to the key parameters of collector area and the thermal capacity of the storage system consisting of a hot water storage 
tank are stated. 
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Nomenclature 
Aap  ST collector aperture area (m²) 
fsol  fraction of ST energy (-) 
QAuxH  useful heat delivered by the AuxH system (kWh) 
QDHW  useful heat demand for DHW preparation (kWh) 
Qloss,use   useful heat losses of the hydraulic components like piping and the TES (kWh) 
QSH,AuxH  useful SH demand covered by ST including a fraction of AuxH (kWh) 
QSH,dmd  gross SH demand of the building at a constant room temperature of 20°C (kWh) 
QSH,solar   SH demand covered completely by ST (kWh) 
qTES   relative charging level of TES (-) 
TES,simT   simulated mean temperature of TES (°C) 
TES,refT   reference mean temperature of TES (88°C) 
UATES  overall heat-transfer coefficient of TES (W/K) 
VTES  effective volume of TES (m³) 
1. Introduction and goals of project HeizSolar 
The European directive for Zero Energy Buildings aims to reduce greenhouse gas emission. It is ratified by 
German government and hence there is an urgent need for low carbon dioxide emitting heat supplying technologies 
for households. The concept of the so called Solar-Active-Houses (SAH) can make a significant contribution to this 
aim. Such houses are equipped with a large and effective solar thermal (ST) system operated as primary heat source. 
The operation of the auxiliary heating (AuxH) system is secondary. Both heat supplying units interact with the 
thermal energy store (TES). The building envelope is thermally insulated at a high level and the heat distribution 
system is designed to operate with low temperatures. The fraction of solar thermal energy with respect to the total 
heat demand for space heating (SH) and domestic hot water (DHW) preparation is higher than 50 %. 
As available on the market, the solar thermal heat generating system consists of a large collector area and a hot 
water storage tank with high thermal capacity. A well-conceived building concept allows for high passive solar 
gains. The thermal collectors are usually steeply tilted. They are mounted onto the roof or the façade. In more 
sophisticated applications the collector area is integrated into the roof or the façade. The major goals of the research 
project “HeizSolar” are: 
 
x Prove the feasibility and functionality of the SAH concept 
x Identify optimization potentials 
x Create a validated scientific dynamic system simulation tool 
x Provide a methodology for the comparison with other low CO2-emission heat supply concepts 
x Establish deeper knowledge about SAH for planners and installers 
 
The concept of SAH is systematically analyzed and evaluated for the first time. In total, nine buildings are 
monitored. The monitoring data is used to prove the concept, to identify optimization potentials and to validate 
dynamic system simulation models. This paper introduces the dynamic system simulation model for SAH and 
presents selected results of the simulation study. 
2. State of the art 
The performance of solar combisystems has been already examined in many field tests, recently on a wide range 
in the European Combisol project [5]. However, monitoring on SAH has not been conducted before on a scientific 
level. The first selection of monitoring results of that kind of supply concept has been published as a contribution of 
the HeizSolar project in [3]. It has been shown, that the two basic concepts of heat supply are: 
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x Generating useful solar heat during heating period 
x Generating useful solar heat during summer time and storing it for long periods of time in large storage capacities 
 
A wide range of simulation studies does exist, considering supply systems with high fraction of solar thermal energy 
[6, 7, 8, 9, 10, 11]. 
3. Dynamic system simulation model 
The dynamic system simulation model has been developed with the simulation studio of TRNSYS 17 [12]. The 
setting up of the model was focused on the following points: 
 
x Dynamic interaction of the heat supplying components (ST and AuxH), the TES and the components 
representing the load (SH system and system for DHW preparation) 
x Thermal performance of large collector areas and TES 
x Operation conditions of AuxH system considering wood fired ovens as well as chip and gas fired boilers  
x Useful heat losses of hydraulics of heat supply system and TES 
x Thermal performance of different technologies of SH system  
3.1. Description of reference heating system 
The reference heating system is set up as basis for the simulation study carried out in the following. It is similar 
to the reference heating system presented in IEA Solar Heating and Cooling Task 32 [13]. In detail it is based on the 
parameters stated in the following sections. 
3.1.1. Solar thermal collector circuit 
The solar thermal collector field is simulated using one collector model with ten thermal nodes in serial. To this 
model, the parameters of IEA Solar Heating and Cooling Task 32 [13] are applied. The collector model is operating 
at a specific mass-flow of 35 kg/h per m² of aperture area. The insulation of the piping of the collector circuit is in 
regard to the EN 12977-2 [14]. 
3.1.2. Thermal energy store  
The geometry of the TES is calculated in regard to the correlations of IEA Solar Heating and Cooling Task 32 
[13]. Its overall heat-transfer coefficient UATES is calculated according to the correlation of the European energy 
labeling standard for products that are just within class C [15] with the following equation 1. The volume of the TES 
VTES is in Liter. 
0.4
TES
TES
16.66 8.33 ( )
45K
 
 
V
UA  / W/K (1) 
Besides the AuxH system, all corresponding hydraulic connections are stratified charged to the TES.  
3.1.3. Auxiliary heating system 
Three different AuxH systems were defined. All have a useful rated power of 15 kW on the hydraulic side. 
Losses and any dynamic behavior are not taken into account. All AuxH systems are burning gas or biomass. The gas 
burning system does not have any minimum time of operation. The pellets burning system runs for a minimum time 
of 0.5 h. The wood fired oven runs for at least 3 h.  
3.1.4. Space heating system 
In table 1 the five different systems delivering the demanded heat for SH are shown. All systems are designed at 
an ambient temperature of -12°C. At this design point, the maximum power is transferred to the room and the 
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maximum SH mass flow is applied. The SH system is running at its nominal temperature difference of the hydraulic 
flow and return side. The applied parameters are shown in table 1. 
                       Table 1: Design point temperatures of the considered space heating systems 
 panel heating convector radiator  
 efficient standard  efficient standard 
Nominal flow temperature [°C] 35 42 45 55 70 
Nominal return temperature [°C] 26 30 28 45 60 
3.1.5. Layout of hydraulic system 
The hydraulic layout, including the basic control design is shown in Fig. 1. All heat supplying and heat 
demanding components are operating on the TES. 
 
3.1.6. Description of reference building and DHW load 
The geometry of the envelop of the reference building as well as the glazing amount is set up according to IEA 
Solar Heating and Cooling Task 32 [13]. It´s thermal insulation standard is based on the German “EnEV” regulation 
of the year 2009 [16]. This insulation standard and its’ enhancements are applied in programs of the German KfW-
bank subsiding building investments. All insulation standards applied in the model are stated in table 2. 
. 
 
                                             
  
Fig. 1: Layout of main hydraulics and control for the reference heating system 
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         Table 2: Insulation standards of the building envelop for reference building 
Standard of KfW 
Overall heat loss 
coefficient 
Specific space heating demand at 
reference location of Passau 
[W/(m² K)] [kWh/m² a] 
KfW 40 0.19 29 
KfW 55 0.24 41 
KfW 70 0.3 65 
EnEV 100 0.35 87 
EnEV 140 0.49 107 
 
The room temperature is constantly set to 20°C. The DHW load is defined as 115 Liter per day at a draw-off 
temperature of 45°C. The further parameters of the load profile can be found in the IEA Solar Heating and Cooling 
Task 32 [13]. 
4. Results 
4.1. Characteristic energy flows for heating during one year 
The Solar-Active-House concept achieves a high fraction of solar thermal energy with respect to the SH demand. 
In the following Fig. 2 the weekly heat amounts are shown.  
 
  
Thereby the heat flows covering the SH demand of the building are focused. The relative charging level of the 
TES qTES is calculated correspondent to equation 2. Thereby the simulated energy contained by the TES QTES,sim is 
calculated based on its mean Temperature TES,simT . The mean reference temperature of the TES TES,refT  is set to 
88°C. This value is the difference of the maximum temperature the TES can reach due to the control algorithm 
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Fig. 2: Weekly characteristic heat amounts of the simulated system and relative charging level of the TES 
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applied in the dynamic system model (95°C) and the lowest temperature that occurs during the simulation process 
(inlet temperature of DHW system of 7°C). 
TES,simTES,sim
TES
TES,refTES,ref
  
Q Tq
Q T
 / - (2) 
The useful heat losses of the supply system including the piping of the collector circuit and the TES takes up 
9.3% of the SH demand. In regard to this simulation, 19% of the heat losses are useful losses. The other 81 % of not 
useful losses account to 2500 kWh. This heat would lead to an exceeding room temperature of 20°C. In means of 
meeting comfort criteria this issue is not investigated in this publication in more detail. 
The operation of the supply system has been divided into four phases, that have already been introduced base on 
the analyzes of the measured data of nine in-situ monitored SAH in [3]. The simulated SAH does clearly show the 
four defined phases of operation: 
 
Phase 1: 
Discharging of TES – at the beginning of the heating period the TES is loaded to its maximum level. A 
discharging occurs to cover heat demand. Solar thermal heat is generated but mainly the stored solar thermal heat is 
used to cover the heat demand of the building. 
 
Phase 2: 
Auxiliary heating – the TES has reached its minimum energy content. During this phase the AuxH system is 
operating to cover the heat demand of the building. Solar thermal heat is generated, but it does not cover the total 
heat demand.  
 
Phase 3: 
Charge of TES – the solar thermal heat generation exceeds the heat demand of the building. The TES is being 
charged to its maximum operating temperature. 
 
Phase 4: 
Solar excess heat – the TES has been charged to its maximum operation temperature. The load is much less than 
the available solar thermal energy.  
4.2. Sizing of solar thermal system 
The stated before, reference system for SAH is used in the following to simulate its fraction of solar thermal 
energy (fsol) depending on different collector aperture areas (Aap) and volumes for the TES (VTES). The parameter fsol 
is calculated as following: 
AuxH
sol
SH,dmd DHW
1 

Q
f
Q Q
 / - (3) 
Thereby QAuxH accounts for the auxiliary heating demand, QSH,dmd for the space heating demand of the building 
and QDHW for the domestic hot water demand. 
As building standard the KfW 55 standard has been applied with an annual specific heating demand of 41 kWh/a 
per square meter of floor area. The results for typical dimensioning of SAH are shown in the following Fig. 3.  
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For the simulated building insulation standard a fraction of solar thermal energy of more than 50 % is calculated 
with a collector aperture area of 30 m². This simulation integrates a reasonable small TES with an effective volume 
of 1.5 m³. A ten percentage point higher fraction of solar thermal energy of 60 % is reached applying a storage 
volume of 2 m³. For a further ten percentage point higher fraction of solar thermal energy of 70 % the storage 
volume has to exceed 12 m³ under the boundary conditions applied in the simulation. Very high fractions of solar 
thermal can only be realized by implementing reasonable large TES. In Table 3 certain combinations of the aperture 
area and the storage volume are selected according to Fig. 3 meeting around 60 % or 70 % of fraction of solar 
thermal energy. For increasing collector areas, the increase of the solar thermal fraction tends to saturate. The 
fraction of solar thermal energy can than just be significantly increased by increasing the volume of the TES. The 
correlation of fsol and the dimensioning of the system is calculated by introducing the two ratio-factors A and B. For 
both cases, ratio-factor A represents the additional aperture area needed when reducing the effective storage volume 
by ratio-factor B. 
Table 3: Dimensioning of collector area and storage volume to achieve a fsol of 60% and 70% 
fsol 
[-] 
Aap 
[m²] 
ratio-factor A 
[-] 
VTES 
[m³] 
ratio-factor B 
[-] 
60% 30 1.00 3 1.00 
45 1.50 2 0.67 
65 2.17 1.5 0.50 
70% 35 1.00 12 1.00 
42.5 1.21 6 0.50 
80 2.29 2 0.17 
 
The same fsol of 60 % is reached by half of the effective volume of TES (ratio-factor B) and more than twice of 
the Aap (ratio-factor A). This effect does no longer apply for a fraction of solar thermal energy of 70 %. Half of the 
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Fig. 3:  Fraction of solar thermal for different collector areas and volumes of TES. It is considered a building with 
the KfW55 insulation standard and the standard flat panel space heating system. 
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effective volume of TES is to be compensated by about 20 % increase of the Aap in this case. This example 
underlines the need of high thermal capacities in order to achieve high fractions of solar thermal. 
4.3. Impact of different space heating systems on size of solar thermal system 
SAH are usually realized with efficient, low temperature panel space heating systems like floor or wall heating 
systems. The effects of space heating systems operating on a medium and high temperature level are investigated in 
the following. That is particularly why those systems do have less investment cost and retrofitting existing building 
stock with panel heating is often not realizable. In the following Fig. 4 the sensitivity of the fraction of solar thermal 
energy is analyzed for a building with 30 m² of Aap and an effective capacity of the TES with a volume of 6 m³. For 
the simulation, the different SH systems that have been introduced in chapter 3.1.4. are taken into account. The flow 
and return temperatures at the design point of -12°C are denoted in brackets. Furthermore the insulation standards of 
the reference building defined in 3.1.6 are also taken into account. 
When considering different insulation standards of the building envelop the SH demand for the buildings does 
change. Nevertheless it can be stated, that regarding panel heating systems as well as convector systems, the fsol does 
almost not change considering the same insulation standard. For the efficient radiator systems a reduction of the fsol 
of about 7 % is calculated for each insulation standard in comparison to panel heating units. For the standard 
radiator version, the fsol decrease is at about 14 % in comparison to the panel heating units independently of the 
insulation standard of the building.  
5. Summary 
A model is setup to simulate the dynamic thermal behavior of the heat supply system of SAH. The in-situ 
monitoring of nine SAH is taken into account to derive parameters to calibrate this model. Further parameters are 
described to serve as reference for parameter variations to analyze optimization potentials. By that reference cases 
for simulating SAH are stated. The thermal interaction of different types of SH technologies and the heat supply 
system is shown. Different insulation standards of the building envelop according to EnEV 2009 [16] are taken into 
account. There is no sensitivity of fsol considering panel heating systems and convector systems. For radiator SH 
systems the fsol reduces in comparison to panel heating systems independently of the applied building insulation 
standard of about 7 % for efficient and 14 % for the standard radiator system. This underlines the need of a low-
Fig. 4:   Solar thermal fraction for different types of space heating systems and different thermal insulation 
standards of the building envelop that lead to different specific heating demands. 
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temperature heat distribution system when implementing renewable energy sources like ST. Cost and the potential 
for realizing the mentioned SH systems are not taken into account. Panel heating systems do have higher costs and 
are often not realizable in building stock refurbishment. This is to be compensated by larger dimensions of the ST 
system. The effects of the size of the Aap and the effective volume of the TES on fsol are in detail analyzed for a 
certain typical SAH. A value of 50 % for fsol is calculated with a reasonable Aap of about 30 m² and an effective 
storage volume of the TES of about 1.5 m³. Higher values for fsol can just be reached applying high effective 
volumes of TES. 
6. Outlook 
The introduced dynamic system model for SAH will be used to further optimize the supply concept. For that also 
economically and ecologically aspects will be taken into account. Furthermore planning guidelines will be derived 
and supported by calculations carried out with the model. The results will be presented within the framework of the 
project “HeizSolar”.  
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